We study the clustering dependence of X-ray AGN and normal galaxies on the stellar mass (M ), star-formation rate (SFR) and specific star-formation rate (sSFR) of the (host) galaxy. Towards this end, we use 407 X-ray AGN from the XMM-XXL survey (∼ 25 deg 2 in the North) and ∼ 45, 000 galaxies in the VIPERS field (W1: ∼16 deg 2 ). We match the AGN and galaxy samples to have the same M , SFR and redshift distributions. Based on our results, the two populations live in DMHs with similar mass (log M/(M h −1 ) ≈ 12.8) and have similar dependence on the galaxy properties. Specifically, our measurements show a positive dependence of the AGN and galaxy clustering on M and a negative dependence on SFR and sSFR. We also find that the X-ray clustering is independent of the location of the host galaxy above or below the star-forming main sequence.
INTRODUCTION
In the last decade there has been growing evidence supporting the coeval growth of the galaxies and their resident Supermassive Black Hole (SMBH, e.g. Boyle & Terlevich 1998; Kormendy 2013) . The mass of the SMBH is also correlated with the properties of its bulge, parametrised by the luminosity (Magorrian et al. 1998) , or the velocity dispersion (Ferrarese & Merritt 2000) . Apart from the observational evidence, theoretical and semi-analytical models, also assume a connection between the active SMBH (AGN) and its host galaxy, through mergers (e.g. Hopkins et al. 2006 Hopkins et al. , 2008 .
However, it is still not clear what are the physical mechanisms that drive the BH growth, how the large-scale environment (Dark Matter Halo mass, DMH mass) affects these feeding mechanisms and what is the connection between the properties of BHs (e.g. BH mass, Eddington ratio) and the host galaxy properties, e.g. StarFormation Rate (SFR), stellar mass (M ) and specific SFR (sSFR).
One way to shed light on these questions is via a clustering analysis (e.g. Croom et al. 2004; Coil et al. 2009; Mountrichas et al. 2009; Allevato et al. 2012; Koutoulidis et al. 2013; Powell et al. 2018) . Clustering allows us to study the environment that extragalactic sources live in (e.g. Miyaji et al. 2011; Cappelluti et al. 2012; Krumpe et al. 2018) . Thus, comparing the environment of AGN that have different SBMH characteristics and/or live in galaxies with different properties can put constraints on how AGN and galaxies interact and co-evolve (e.g. Krumpe et al. 2015) . Moreover, comparison of the observational measurements with the predictions of theoretical models can shed light on the feeding mechanism(s) that trigger the AGN activity (e.g. Bonoli et al. 2009 ; Marulli et al. 2009; Fanidakis et al. 2013 ).
Initially, many clustering works focused on studying the correlation of the AGN clustering on X-ray luminosity, LX , since LX is a proxy of the AGN power (e.g. Lusso et al. 2012 ). The results of these studies though are controversial. Some studies claim a weak dependence of X-ray clustering on LX (e.g. Starikova et al. 2011; Koutoulidis et al. 2013) , other find no statistical significant dependence (e.g. Coil et al. 2009; Mountrichas & Georgakakis 2012) while some works suggest a negative dependence of the AGN clustering on luminosity (Mountrichas et al. 2016 ).
More recent studies have suggested that the apparent discrepancies on the luminosity dependence of the X-ray clustering could be incited by other properties of the active SuperMassive Black Hole (SMBH) and/or of the host galaxy that are closely related to the physical processes of galaxies. It has been found that, at least in the case of broad-line, luminous AGN in the local universe, there is a weak clustering dependence on BH mass, whereas no statistically significant dependence was detected on accretion rate (Krumpe et al. 2015) . However, the clustering dependence of Xray AGN on host galaxy properties has not been directly studied. Georgakakis et al. (2014) found that X-ray AGN, star-forming and passive galaxies live in DMHs with similar mass and attributed this to the similar stellar mass distributions of the three populations. Mendez et al. (2016) studied the clustering of X-ray, radio and infrared (IR) AGN using the PRIMUS and DEEP2 redshift surveys. They claim that the observed differences in the clustering of AGN selected at different wavelengths can be attributed to the different distributions in both stellar mass and star formation rate of their host populations.
The scope of this work is to directly study the X-ray AGN Table 1 . The models and the values for their free parameters used by CIGALE for the SED fitting of our X-ray AGN and the galaxy samples. The Fritz et al. (2006) model for the AGN emission has been used only for the X-ray sample. τ is the e-folding time of the main stellar population model in Myr, age is the age of the main stellar population in the galaxy in Myr (the precision is 1 Myr), burst age is the age of the late burst in Myr (the precision is 1 Myr). β and γ are the parameters used to define the law for the spatial behaviour of density of the torus density. The latter has the functional form ρ(r, θ) ∝ r β e −γ|cosθ| , where r is the radial distance and θ is the polar distance. Θ and Ψ are the opening and viewing angles of the torus, respectively, with Ψ = 0 for Type-2 AGN and Ψ = 90 for Type-1 AGN. The AGN fraction is measured as the AGN emission relative to infrared luminosity (1 − 1000 µm).
Parameter
Model clustering dependence on SFR, M and sSFR in an attempt to disentangle those three galaxy properties and compare the clustering properties of active and normal galaxies. Towards this end, we use X-ray AGN from one of the largest contiguous fields, the XMM-XXL area (Pierre et al. 2016 ) and cross-correlate them with galaxies in the VIPERS field (Guzzo et al. 2014; Garilli et al. 2014) . We also match our AGN and galaxy samples to have the same stellar mass, SFR and redshift distributions and compare their clustering properties. We study the dependence of the galaxy clustering on M , SFR and sSFR and compare our findings with those for AGN to see whether the existence of an active SMBH affects the clustering properties of the host galaxy. Throughout this paper we use Ωm = 0.3 ΩΛ = 0.7 and σ8 = 0.8. For the clustering analysis the Hubble constant is set to H0 = 100 km s
and all relevant quantities, such halo masses, are parametrised by h = H0/100. In the calculation of the X-ray luminosities we fix H0 = 70 km s −1 Mpc −1 (i.e. h = 0.7). This is to allow comparison with previous studies that also follow similar conventions.
DATA

Galaxy sample
The galaxy population we use in our clustering analysis comes from the Public Data Release 2 (PDR-2; Scodeggio 2016) of the VIPERS survey (Guzzo et al. 2014; Garilli et al. 2014) . The observations have been carried out using the VIMOS (VIsible MultiObject Spectrograph, Le Fèvre et al. 2003) on the ESO Very Large Telescope (VLT). The survey covers an area of ≈ 23.5 deg 2 , split over two regions within the CFHTLS-Wide (Canada-FranceHawaii Telescope Legacy Survey) W1 and W4 fields. Follow-up spectroscopic targets were selected to the magnitude limit i = 22.5 from the T0006 data release of the CFHTLS catalogues. An optical colour-colour pre-selection, i.e., [(r-i)>0.5(u-g) or (r-i)>0.7], excludes galaxies at z < 0.5, yielding a > 98% completeness for z > 0.6 (for more details see Guzzo et al. 2014) . PDR-2 consists of 86,775 galaxies with available spectra. Each spectrum is assigned a quality flag that quantifies the redshift reliability. In all VIPERS papers, redshifts with flags in the range between 2 and 9 are considered as reliable and are those used in the science analysis (Garilli et al. 2014; Scodeggio 2016) . Restricting the redshift range to 0.5<z<1.2 our final sample consists of 45,180 galaxies.
To compare our AGN clustering dependence with that of galaxies with similar properties, we estimate SFR, M and sSFR for our galaxy sample using the CIGALE code version 0.12 (Code Investigating GALaxy Emission; Noll et al. 2009 ) to fit their Spectral Energy Distributions (SEDs; see Table 1 and Section 2.2 for more details on the SED fitting analysis). We construct galaxy SEDs using optical photometry from CFHTLS and mid-IR photometry from WISE. After applying our SED criteria (see Section 2.2) there are 42,412 galaxies with optical photometry. 19,541 (46%) of them have additionally mid-IR photometry and 16,643 (39%) sources have optical+near-IR (NIR) photometric bands (see Appendix A). Figure 1 presents the M , SFR and redshift distributions of the 19,541 galaxies (blue shaded area). Fig. 2 presents the distribution of M as a function of redshift. The median stellar mass in bins of redshift is shown by the blue squares. The minimum M for which the galaxy sample is complete depends on the redshift and the stellar mass-to-light ratio, M/L. To account for this limit we follow the methodology presented in Pozzetti et al. (2010) . In brief, for each galaxy we estimate the M lim , i.e., the mass the galaxy would have, at its redshift, if its apparent magnitude were equal to the limiting magnitude of the survey. We then use the M lim of the 20% of the faintest galaxies at each redshift and we derive the Mmin, that is the minimum mass above which Figure 1 . From left to right: stellar mass, star-formation rate and redshift normalized distributions of the 281 AGN (red line) and the 19,541 galaxies (blue shaded area), with CFHTLS+WISE photometry available. The AGN distribution peaks at lower M * and higher SFR and redshift values compared to the galaxy population. Table 2 . The X-ray AGN and galaxy samples in the VIPERS PDR-2 field within the redshift range of 0.5 ≤ z ≤ 1.2. Fig. 2 . Usage of the AGN/galaxy crosscorrelation function (see Section 3) alleviates the effect of this mass incompleteness on our clustering measurements.
AGN sample
The X-ray AGN sample used in our analysis comes from the XMM-XXL survey (Pierre et al. 2016 ) that covers an area of about 50 deg 2 with an exposure time of about 10 ks per XMM pointing. In the equatorial subregion of the field (∼ 25 deg 2 ) that overlaps with the CFHTLS W1 field, 8,445 X-ray sources are detected (Liu et al. 2016) . Reliable spectroscopy from SDSS-III/BOSS (Eisenstein et al. 2011; Smee et al. 2013; Dawson et al. 2013 ) is available for 2,512 AGN . Spectroscopic redshifts are complemented from the VIPERS PDR-2 spectroscopic data (Scodeggio 2016) . 1,192 of these sources are within the VIPERS PDR-2 mask (see Section 2.1). Restricting the redshift range to 0.5<z<1.2 to match that of our galaxy sample, results in 407 X-ray AGN, with log LX (2 − 10 keV) ≥ 42 erg s −1 . Stellar masses and Star Formation Rates for our X-ray AGN sample, are estimated using the CIGALE code. SEDs are constructed using multiwavelength broadband photometric data, from optical (CFHTLS) to mid-infrared (WISE) wavelengths. The association of X-ray sources with optical and IR counterparts was based on the likelihood ratio method (e.g. Sutherland & Saunders 1992) . The reduction of the XMM observations and the optical and IR identifications of the X-ray sources are described in detail in Georgakakis et al. (2017) and Menzel et al. (2016) . Adopting CFHTLS optical photometry instead of SDSS, decreases our Xray sample by ∼ 10%, i.e., 364 sources compared to 407. However, for consistency with the galaxy sample (see Section 2.1) we use CFHTLS photometry in our SED analysis (see Appendix B). Their X-ray luminosity distribution is presented in Fig. 3 . Due to the large area of the XMM-XXL and the flux limit of the survey (F 0.5−10 keV > 10 −15 erg cm −2 s −1 ; Menzel et al. 2016 ) our X-ray sample spans about an order of magnitude higher luminosities compared to smaller and deeper surveys, e.g. CDFS, AEGIS (see e.g. Fig. 1 in Fotopoulou et al. 2016 ). Lack of far-infrared photometry does not affect our stellar mass estimations, but our SFR measurements are systematically underestimated (see Masoura et al. 2018 ). This correction is neglected in our SFR measurements since it does not affect our clustering dependence analysis. Obscured AGN also contribute in the far-IR part of the SED (10-15%, e.g. Risaliti et al. 2002) . Ignoring this contribution results in an overestimation of the SFR estimations in the case of absorbed sources. However, in our analysis we are not interested in absolute SFR values. Therefore the effect of this contribution on our clustering measurements should not be significant.
For the SED fitting we assume the double-exponentiallydecreasing (2τ -dec) model to convolve star-formation histories. Ciesla et al. (2015) found that the 2τ -dec model provides the best estimates of M and SFR of the simulated galaxies, in the expense of unrealistic galaxy ages. Using a different model, e.g. Single Stellar Population, does not affect our measurements. The AGN emission is modelled using the Fritz et al. (2006) library of template SEDs (Ciesla et al. 2015) . We use the Bruzual & Charlot (2003) for the stellar population synthesis models and assume the Salpeter Initial Mass Function (IMF) and the Calzetti et al. (2000) dust extinction law. For the absorbed dust that is reemitted in the IR we use the Dale et al. (2014) templates. Table 1 presents the models and the values for their free parameters used by CIGALE for the SED fitting of the X-ray sample. Adopting different models, results in ∼ 0.1 dex variance in the estimated values of SFR, M and sSFR. The effect of different CIGALE libraries on our calculations is studied in detail in Appendix C. To use only those AGN (and galaxies) with the most robust SED fitting measurements we restrict our sources to those with SED fits with χ 2 red < 5. There are 305 X-ray sources with available CFHTLS photometry that satisfy these criteria. The χ 2 red < 5 criterion excludes 38 X-ray sources from our AGN sample and has been chosen after visual inspection of the SED fits. Increasing the threshold to χ 2 red < 6, adds 10 more AGN to our dataset, but the vast majority of them have SEDs with bad fits and therefore unreliable M and SFR estimations. Reducing it to χ 2 red < 4 would exclude 15 more sources, most of them with reliable fits. Using additionally NIR photometry reduces our 305 sources to 239 (78%) and increases systematically the M calculations by < 0.25 dex (both for the X-ray and the galaxy samples, see Appendix A). To obtain the most statistically robust correlation function measurements, we use the 305 AGN (only optical photometry) when studying the stellar mass clustering dependence. However, when our clustering analysis includes SFR calculations (e.g. SFR, sSFR) as well as when we compare the AGN and galaxy clustering (Section 4.6) we require availability of mid-IR photometry. This, reduces our X-ray sample to 281 (92%) sources. Figure 1 presents the stellar mass, SFR and redshift distributions of the 281 X-ray sources, respectively (solid lines). The AGN distribution (red line) peaks at lower M * and higher SFR and redshift values compared to the galaxy population (blue shaded area). These differences do not affect our clustering measurements since the galaxy contribution is "subtracted" from the cross-correlation signal to derive the DMH mass estimations (see Section 3). Moreover, when comparing the AGN and galaxy clustering (Section 4.6) we match the SFR, M * and redshift of the two samples.
CLUSTERING ANALYSIS
The clustering analysis we follow is the same described in Mountrichas et al. (2016) . In summary, the projected correlation function is calculated, wp(σ):
where σ is the distance between two objects perpendicular to the line of sight and π the separation along the line of sight. The upper limit of the integral is determined by computing wp(σ) for πmax in the range 10-100 Mpc. The clustering signal saturates for πmax = 20 Mpc and πmax = 50 Mpc for the AGN/galaxy crosscorrelation and the galaxy autocorrelation functions, respectively. Smaller values lead to an underestimation of the clustering signal whereas larger values increase the noise from uncorrelated pairs. The calculated 2-halo term of the projected correlation function, w 2h p (σ), is connected with the projected correlation function of dark matter, w 2h DM (σ), via the following equation:
In the case of a galaxy autocorrelation function, b = bg, i.e., the galaxy bias, whereas in the case of an AGN/galaxy crosscorrelation, b = bAG, i.e., the AGN/galaxy bias. The best-fit bias in the above equation is defined by applying a χ 2 minimization
cov is the inverse of the covariance matrix, that quantifies the degree of correlation between the different bins of wp(σ). ∆ is defined as
The AGN bias can then be inferred via
The Dark Matter Halo Mass (DMHM) is calculated by adopting the ellipsoidal model of Sheth et al. (2001) and the analytical approximations of Van den Bosch (2002) .
The inferred DMHM depends on the scales of the correlation function that are fitted. In our case there is a ∼ 10% fluctuation in the DMHM estimations when the correlation function is fitted from 1.5-10 h −1 Mpc, instead of the 1.5-20 h −1 Mpc used in our analysis. An additional source of uncertainty comes from the size of our Xray sample. The AGN dataset is not large enough to allow us model the contribution of sources from the same DMH (1-halo term of the correlation function). Thus, we only model the 2-halo term. This is further discussed in Section 5. Finally, although XXM-XXL covers ∼ 25 deg 2 , our measurements are still affected by cosmic variance. In Section 5 and Appendix D we discuss in more details the effect of cosmic variance on our estimations. The uncertainties of our auto-correlation and cross-correlation measurements are calculated using the Jackknife methodology (e.g. Mountrichas et al. 2016) . The area of the survey is split into NJK = 40 sections and the correlation function is measured NJK times by excluding one section each time. All the errors presented in the rest of this work are based on the Jackknife method, unless otherwise stated.
For the estimation of the correlation functions, we generate a random catalogue that has the same sky footprint with the galaxy sample. To achieve that we pass it through both the photometric mask (i.e. bright stars) and the spectroscopic mask (Field-of-View of the spectrograph). Our random sample is ≈ 20× the number of galaxies. This is a large enough number to minimise the shot noise contribution to the estimated correlation functions while at the same time the catalogue's size allows computation efficiency (Mountrichas et al. 2016) .
RESULTS
First, we measure the DMH mass of the total sample of X-ray AGN within the VIPERS PDR-2 region. The goal is to compare the measurements presented in the current work with those in Mountrichas et al. (2016) in the PDR-1 region. The two studies use the same Xray data but the area that overlaps with the galaxy sample has been doubled in this work. Next, we study the dependence of the X-ray clustering on various properties of the host galaxy, i.e., M , SFR and sSFR. In each of these cases, the purpose is to study the dependence of AGN clustering on one parameter and at the same time avoid the degeneracy among the galaxy properties. To accomplish this, the various cuts applied are based on two criteria: (i) create nearly equal subsamples and (ii) only one of the host galaxy properties differs between two subsamples while the rest of the properties have similar median values. This allows us to attribute any clustering difference to the galaxy property under consideration. We also measure the DMH mass of X-ray AGN as a function of the location of the host galaxy in respect to the star-forming main sequence. Finally, we create matched AGN and galaxy samples and compare their clustering properties.
The AGN/galaxy clustering in the VIPERS field
We calculate the correlation function and derive the DMH mass of the full X-ray AGN and galaxy samples, i.e. no M restriction or SED fitting criterion are applied (Table 2) . Fig. 4 presents the AGN/galaxy cross-correlation (left panel) and galaxy autocorrelation (right panel) measurements, for the total AGN sample of 407 X-ray sources. For the determination of the correlation functions we have taken into account the spectroscopic window function and the sampling rate of the VIPERS galaxy sample (Scodeggio 2016) following the methods described in de la Torre et al. (2017) and Pezzotta et al. (2017) . The fraction of sources with a measured spectrum is defined as the Target Sampling Rate (TSR) while the fraction of observed spectra with reliable redshift measurement as the Spectroscopic Sampling Rate (SSR). These two factors correct for incompleteness at large scales when measuring either the galaxy autocorrelation function or the AGN/galaxy cross-correlation function. In addition, the MOS slit length imposes a minimum angular separation in the selection of spectroscopic targets. Although this effect only affects measurements below ≈ 1 h −1 Mpc, i.e. smaller than those probed in our analysis (1.5-20 h −1 Mpc), we take it into account in the correlation function measurements, by comparing the angular auto-correlation function of the target and spectroscopic samples. The methodology used in this study to account for both of these effects is identical to that presented in Mountrichas et al. (2016) and is explained in more detail in their Section 3.2. The only difference is that in the PDR-2 the estimation of SSR and TSR has been improved. Specifically the SSR, now accounts for new galaxy property dependencies (Scodeggio 2016) , while the TSR has been recomputed with better angular resolution (de la Torre et al. 2017) . Mountrichas et al. (2016) used the PDR-1 of VIPERS and performed a similar clustering analysis. PDR-1 covers approximately half the area of PDR-2. 20,109 galaxies were used to estimate their cross-correlation with 318 X-ray AGN, in the same redshift range with that used in this study. Their results are shown in Fig. 4 (blue symbols). Their correlation function estimations appear lower compared to the measurements of this work (red symbols). Further investigation reveals that the reasons of this difference are the larger area covered by the PDR2 sample and the improved estimations of the TSR and SSR parameters. This is further discussed in Section 5 and Appendix D.
Comparison of the X-ray clustering above and below the galaxy main sequence
The correlation between SFR and M * is known as the main sequence (MS) of star-forming galaxies (e.g. Noeske et al. 2007 ).
Based on their location in the MS plane, galaxies are identified as star-forming (above the MS) and quiescent (below the MS). Previous studies have found different clustering properties for galaxies that lie below and above the MS (e.g. Coil et al. 2017 ). Recent results indicate that the nearly linear slope of the SFR-M * relation becomes flatter at high masses (log(M /M ) >10.5), at least at z < 2 (see Fig. 10 in Schreiber et al. 2015) . These results, along with the intrinsic scatter of the MS, caused by e.g. the selection of the various Star-Formation History (SFH) and dust recipes, may misplace an AGN in relation to the MS. Therefore, to compare the X-ray clustering above and below the MS we disentangle the effects of M and redshift on SFR. For that purpose, we divide the SFR of X-ray sources with the SFR of MS galaxies with the same stellar mass and redshift, using expression 9 in Schreiber et al. (2015) . We call this ratio normalized SFR, SFRnorm (see Masoura et al. 2018) . Therefore, the SFRnorm parameter indicates whether an AGN host galaxy with a specific M * at a specific redshift has higher (SFRnorm >0) or lower (SFRnorm <0) SFR than a normal (non-active) galaxy with the same M * and redshift. Fig. 5 presents the measurements for the two AGN subsamples. The mean properties of the two populations are shown in Table 3. The relative bias, defined as the square root of the ratio of the AGN above the galaxy main sequence (SFRnorm > 0) to the AGN below the main sequence (SFRnorm < 0), is shown in Table 4 (b rel = wp(σ)1/wp(σ)2; e.g. Mountrichas & Georgakakis 2012) . Our results show that there is no statistical difference in the clustering of X-ray AGN that lie above and below the main sequence.
X-ray clustering dependence on M
In this Section, we study the X-ray clustering dependence on stellar mass. For that purpose we split our 305 X-ray AGN into high and low M subsamples using two cuts, i.e., log(M /M ) = 10.5, 10.8. These cuts have been chosen because they create subsamples with very similar properties (SFR, redshift and X-ray luminosity; see Table 5 ). Fig. 6 (left panel) presents the AGN/galaxy cross-correlation functions applying a log(M /M ) = 10.5 cut. The high stellar mass subsample (circles) has a stronger clustering signal compared to the low stellar mass subsample. This is also the case when applying a cut at log(M /M ) = 10.8, as shown by the DMHM (Table  5 ) and relative bias estimations (Table 4) . The relative bias, b rel , is defined as the square root of the ratio of the correlation functions of high to low stellar mass subsamples.
X-ray clustering dependence on SFR
Next, we study the dependence of the X-ray AGN clustering on the star-formation rate of their host galaxies. As mentioned in the previous Section, for these measurements we use the X-ray sample with the 281 sources that have optical and mid-IR photometry available. We apply a log SFR (M yr −1 ) = 1.1 to divide the AGN sources into two nearly equal subsamples and estimate their corresponding cross-correlation function with the VIPERS galaxies. The results are presented in Tables 4, 6 and Fig. 6 (middle panel) . The relative bias in this case, is defined as the square root of the ratio of the low to high SFR. The two SFR subsamples have a 0.5 dex difference in X-ray luminosity that could also contribute to the difference in the DMH mass estimations. For that purpose we apply a narrower redshift and X-ray luminosity range on the 281 X-ray AGN, i.e., 0.6 ≤ z ≤ 1.1 and 43 ≤ log L X(2−10 keV ) ≤ 44.2, restricting the sample to 159 sources. This particular cut eliminates the LX difference and excludes the smallest possible number of sources from the X-ray sample. Although the sample is limited and the estimations have large uncertainties (Table 6 ), the trend we observe is consistent with the indications from the previous measurements, i.e., a negative X-ray AGN clustering dependence on SFR.
X-ray clustering dependence on sSFR
In this Section we study the dependence of X-ray AGN clustering on specific SFR. Fig. 6 (right panel) presents the correlation function measurements when splitting the 281 X-ray AGN sample into low and high sSFR subsamples, using a log sSFR(Gyr −1 ) = −0.4 cut. This cut correspond to log(M /M ) = 10.5 and log SFR (M yr −1 ) = 1.1 cuts used in the previous Sections and also splits the X-ray dataset into two nearly equal subsets. The properties of the two subsamples and the inferred DMH masses are shown in Table 7. Table 4 presents the relative bias estimation, defined as the square root of the ratio of the correlation function of AGN with log sSFR(Gyr −1 ) < −0.4 over the correlation function of AGN with log sSFR(Gyr −1 ) > −0.4. A negative dependence of the X-ray clustering on sSFR is detected.
Comparison of the X-ray AGN and galaxy clustering
In this Section, we compare the clustering of X-ray selected AGN with that of normal galaxies. The goal is to test whether the presence of an active supermassive black hole affects the large-scale structure of the host galaxy.
We use the 281 X-ray AGN and 19,541 galaxies with available CFHTLS+WISE photometry and we construct galaxy samples that match the M , SFR and redshift distribution of the X-ray dataset (Fig. 1) . For that purpose, we join the three distributions, using bins of ∆log(M /M ) = 0.25, ∆logSFR(M yr −1 ) = 0.25 and ∆z = 0.1 and we normalize each one by the total number of sources in each bin. This effectively gives us the PDF (probability density function) in this 3-D parameter space. Then we use the M , SFR and redshift of each galaxy to weigh it based on this estimated PDF (Mendez et al. 2016) . −0.09 , for the AGN and galaxy populations, respectively. The results show that the AGN clustering is similar with the clustering of normal galaxies that have the same M , SFR and redshift distributions with the X-ray sources.
Then, we repeat the analysis we followed for the X-ray sources, i.e., we split the (matched) galaxy sample using M , SFR and sSFR cuts. The results are presented in Table 8 . In Fig. 8 we plot the variation of the relative bias as a function of separation for each galaxy property, i.e., M (top panel), SFR (middle panel) and Table 6 . The properties of the X-ray AGN subsamples when we split them based on their Star Formation Rate. The SFR cut marked with an asterisk indicates the measurements when we restrict the AGN sample to 0.6 ≤ z ≤ 1.1 and 43 ≤ logL X (2 − 10 keV) ≤ 44.2 (see Section 4 for more details). sSFR (bottom panel). We find that the clustering of normal galaxies (blue shaded regions) have similar dependence on galaxy properties with the clustering of X-ray AGN (green shaded regions). Table 7 . The properties of the X-ray AGN subsamples when a log sSFR= −0.4 (Gyr −1 ) cut is applied on the X-ray sample. 
DISCUSSION
In Fig. 4 , we compare the correlation function measurements using the VIPERS PDR-2 region (filled symbols) with the estimations from Mountrichas et al. (2016) , where they used the PDR-1 of the VIPERS catalogue (open symbols). Their DMH mass estimation (logMDMH = 12.50
+0.22
−0.30 h −1 M ) is about 0.5 dex lower compared to estimates in the literature of the DMH mass of moderate luminosity AGN. They attribute this difference to the higher luminosity of their X-ray sample (log LX(2 − 10 keV) = 43.6 +0.4 −0.4 erg s −1 ), i.e, they claim a negative dependence of the Xray clustering on luminosity. Our DMH mass estimations (Table 2) are within the 1σ uncertainties of the measurements. The galaxy autocorrelation function is higher when the PDR-2 dataset is utilized compared to the PDR-1 measurement. This also reflects in the AGN/galaxy cross-correlation measurements. The corresponding bias estimations, presented in Table 2 appear ∼ 14% higher in our study compared to the values presented in Table 1 ance) and/or to the improvement in the estimation of the SSR and TSR parameters. In Appendix D, we explore in detail how these two factors contribute to the correlation function measurements and we show that the difference is mostly due to the increased area covered by the PDR-2 sample and to a lesser degree to the improved estimations of the TSR and SSR parameters. Specifically, using the updated values for the TSR and SSR increases the galaxy bias estimations by ≈ 3%, whereas due to cosmic variance the galaxy bias increases by ≈ 8%. Then, we studied the dependence of AGN clustering on various properties of the host galaxy. Our analysis revealed a dependence of the X-ray clustering on stellar mass and SFR (∼ 0.4 dex difference in DMH mass) and a stronger dependence on sSFR (∼ 0.8 dex difference in DMH mass). The X-ray luminosity is another parameter that the AGN clustering may depend on. Many previous clustering works have studied this dependence, with controversial results (e.g. Coil et al. 2009; Krumpe et al. 2010 Krumpe et al. , 2012 Krumpe et al. , 2018 Mountrichas & Georgakakis 2012; Koutoulidis et al. 2013 ). The X-ray sample is not large enough to improve the statistical significance of these previous studies and therefore we do not attempt to study the dependence of X-ray clustering on luminosity. However, as already mentioned, our DMH mass estimation agrees with that of Mountrichas et al. (2016) based on which they claim a negative dependence of AGN clustering with X-ray luminosity, at least within the X-ray luminosities spanned by our (and their) X-ray sample(s) (log LX(2 − 10 keV) ∼ 43.6 − 43.7 erg s −1 ) Moreover, within the error budget of the measurements, we find no significant difference in the environments between AGN that lie above and below the star-formation main sequence. This lack of clustering difference, could be attributed to the small size of the X-ray (sub-)samples (e.g., sample variance, statistical uncertainties). However, it could also suggest that additionally to the physical properties of the host galaxy, the DMH mass of X-ray AGN also depends on the location of the host in respect to the starforming main sequence. Coil et al. (2017) found that, at a given stellar mass, star-forming galaxies above the main sequence with higher sSFR are more clustered than galaxies below the main sequence with lower sSFR. For the quiescent galaxy population, their analysis revealed that sources with higher sSFR are less clustered than galaxies with lower sSFR. To test these scenarios we need to split the X-ray samples above and below the main sequence based on their host galaxy properties, i.e. M , SFR and sSFR. However, the number of the X-ray AGN does not allow such an analysis.
We, also, created matched AGN and galaxy samples and compared their clustering. The correlation function measurements presented in Fig. 7 show that the two populations have similar clustering. However, our measurements and those from previous clustering studies (e.g. Mendez et al. 2016) , limited by the small size of X-ray samples, study only the 2-halo term of the correlation function, i.e., σ > 1h −1 Mpc and neglect the non-linear regime. Albeit, the 1-halo term can put constraints on e.g. the satellite halo occupation distribution (HOD) of AGN (e.g. Allevato et al. 2012 ) that will be compared to the satellite HOD of galaxies. Therefore, larger X-ray samples are required that will allow to incorporate the 1-halo term in the clustering analysis and examine whether the presence of an active SMBH affects the galaxy properties (e.g. Leauthaud et al. 2015) , especially at smaller scales.
Performing a similar analysis with that for the X-ray sources, we find that the galaxy clustering has similar dependence with the X-ray clustering on the properties of the (host) galaxy. In Fig. 8 , we compare the relative bias of the AGN (green shaded region) and galaxies (blue shaded region) as a function of separation, when studying the M (top panel), SFR (middle panel) and sSFR (bottom panel) dependence of clustering. In all cases, active and normal galaxies present a similar dependence on the galaxy properties. However, the galaxy measurements have significantly smaller uncertainties compared to those for AGN. These results indicate that the existence of an active SMBH does no seem to affect the clustering properties of the galaxy it lives in. Previous clustering studies that used X-ray and optically-selected AGN found a weak clustering dependence on black hole mass and no significant dependence on Eddington ratio (Krumpe et al. 2015) . Therefore, the AGN clustering seems to be (nearly) independent of the AGN properties, but it depends on the properties of the host galaxy.
Our findings are in agreement with most of the previous AGN and galaxy clustering studies. Mendez et al. (2016) used X-ray, radio and mid-IR AGN at 0.2 < z < 1.2 from the PRIMUS and DEEP2 redshift surveys. They compared the clustering of each AGN sample with matched galaxy samples and found no statistical differences in their clustering properties. Meneux et al. (2009) used the zCOSMOS galaxy sample with 9 ≤ log(M /M ) ≤ 11 and found a mild dependence of the galaxy clustering on stellar mass up to z = 1. Mostek et al. (2013) used DEEP2 galaxies to study the clustering dependence on stellar mass, SFR and sSFR, for star-forming and quiescent galaxies. They found a strong positive correlation on stellar mass for the blue galaxies but no dependence for the red ones. The stellar mass ranges they used for the two population, though, were different, i.e. 9.5 ≤ log(M /M ) ≤ 11.0 for the star-forming and 10.5 ≤ log(M /M ) ≤ 11.5 for the quiescent galaxies. They also found a positive correlation of the blue galaxy clustering with SFR and a negative correlation with sSFR. No correlation is found for the red population. However, when they constructed stellar mass-limited samples they found that the clustering amplitude increases with decreasing SFR, in agree- Table 8 . DMH mass estimations for the matched galaxy samples. The clustering properties of normal galaxies show similar trends with those of X-ray AGN, i.e., a mild dependence on M and a strong dependence on sSFR. ment with our results. Coil et al. (2017) used a galaxy sample of 100,000 galaxies from the PRIMUS and DEEP2 surveys and found that the galaxy clustering is a stronger function of sSFR compared to stellar mass, in agreement with our findings for a strong (AGN and) galaxy clustering dependence on sSFR. Based on these results, Coil et al. (2017) suggest that knowing the halo mass of a galaxy is not sufficient to predict its stellar mass. The sSFR of the galaxy is also required. They attribute part of the scatter found in the stellar mass to halo mass relation (e.g. Behroozi et al. 2013) to the sSFR dependence of the halo mass. This finding contradicts halo models of galaxy evolution and favours the age-matching class of models. Our measurements support this idea and show that this picture holds regardless of the existence of an active SMBH in the centre of the galaxy.
SUMMARY AND CONCLUSIONS
We have used the PDR-2 of the VIPERS survey to cross-correlate X-ray AGN from the XMM-XXL field with the VIPERS galaxies. The DMH mass estimations of the current study agree with the measurements of Mountrichas et al. (2016) that used the PDR-1 VIPERS dataset.
The aim of this work is to study the dependence of clustering of X-ray AGN and normal galaxies on host galaxy properties, at z ≈ 0.8. For that purpose, we matched the AGN and galaxy samples to have the same M , SFR and redshift distributions. Our results show that the two populations live in similar environments and their clustering has similar dependence on galaxy properties. Specifically, we find a positive dependence of the clustering on stellar mass and a negative dependence on SFR and sSFR. Furthermore, the AGN clustering is independent of the location of the host galaxy above or below the star-forming main sequence. X-ray AGN are hosted in a variety of environments. They live in galaxies that their properties, i.e., M , SFR, redshift and X-ray luminosity, cover a wide baseline. To disentangle all these parameters and derive statistically robust measurements about the dependence of the AGN environment on each one of these host galaxy properties, requires X-ray samples orders of magnitude larger than those currently available. The 3XMM catalogue, under the condition of redshift availability for all its sources, could move us a step forward towards this direction. Future surveys, like eROSITA and ATHENA will allow us to exploit the large-scale environment of Xray AGN in all their parameter space and uncover its dependence on all the aforementioned host galaxy properties.
APPENDIX A: USING NIR PHOTOMETRY FOR THE SED FITTING
The AGN and galaxy SEDs we fit with CIGALE to estimate stellar mass, have been constructed using optical photometry (CFHTLS). In this Section we test whether adding NIR photometry in the SED fitting process affects the stellar mass calculations.
To add NIR photometry to the X-ray and galaxy samples, we match the datasets with NIR datasets (VHS-DR5 and VIKING) using a 5" radius. Only sources with good photometry in at least one of the NIR bands and with low probability of being instrumental noise (PNOISE<0.05) were selected. After all selection criteria are applied (see Sections 2.2 and 2.1) there are 239 AGN and 16,643 galaxies, with NIR photometry available. Figures A1 and A2 present the stellar mass distributions for AGN and galaxies, respectively, with (blue lines) and without (red lines) NIR photometry in the SED fitting analysis. The inclusion of NIR photometry in the SED fitting analysis, gives a small but systematic difference in the stellar mass estimations (< 0.25 dex) compared to M calculations without including near-IR photometry, for both the AGN and galaxy samples. This small difference is within the typical errors of mass estimations due to e.g. the different templates chosen in the SED analysis (see Appendix C).
Therefore, dropping the requirement for NIR photometry does not affect our clustering analysis and increases the number of available sources used in our measurements.
APPENDIX B: AGN SED FITTING: SDSS VS. CFHTLS PHOTOMETRY
In our analysis we use CFHTLS, instead of SDSS, optical photometry for the SED fitting of the AGN sample. The justification is that the VIPERS galaxy sample is selected from the optical photometric catalogues of the CFHTLS. Therefore, this choice allow us to be consistent in the SED fitting analysis of the AGN and galaxy samples. The downside, however, is that it reduces the number of available X-ray sources, by ∼ 10%. Specifically, 364 AGN in the X-ray sample have CFHTLS observations out of the 407 detected by SDSS (Section 2.2). If the choice of the optical photometry does not affect the SED measurements then we can use the largest X-ray sample in our analysis. Thus, we compare the SED results using the two different optical surveys.
Utilizing the models and the values for their free parameters presented in Table 1 , we run CIGALE for the 305 AGN sample using SDSS photometry. Fig. B1 (left panel) compares the distribution of the stellar mass estimations with CFHTLS (solid line) and SDSS (dashed line) optical photometry. In the right panel we present the distribution of the difference in the two stellar mass distributions, i.e., log ((M ,CFHTLS-M ,SDSS)/M ). The measurements show that there is a ∼ 0.25 dex difference in the M estimations using different optical photometry. Although this difference will not affect our AGN clustering dependence analysis on stellar mass, it will affect the estimated galaxy weights when we match the AGN and galaxy samples (see Section 4.6). Therefore, we use CFHTLS optical photometry for the AGN SED fitting to be consistent with the galaxy stellar mass estimations.
APPENDIX C: SENSITIVITY OF THE SED FITTING MEASUREMENTS TO THE CHOICE OF DIFFERENT LIBRARIES
In the SED fitting measurements we use the libraries shown in Table 1 . In this Section, we study how sensitive are the measurements to the choice of different libraries. Specifically, for the SFH, we use a delayed SFH model instead of the double-exponentiallydecreasing (2-τ ) model. For the dust attenuation we replace the Calzetti et al. (2000) template with the Charlot & Fall (2000) single powerlaw attenuation module as well as a double powerlaw module. The double powerlaw implements an attenuation law combining the birth cloud attenuation and the interstellar medium attenuation, each one modelled by a power law. The dust emission is now modelled with Casey (2012), the Draine & Li (2007) and the updated Draine & Li (2007) infrared models instead of the Dale et al. (2014) . For the AGN we always use the Fritz et al. (2006) library. This library has been added and extensively tested to match CIGALE's philosophy. For more details on each module see Ciesla et al. (2015) and references therein. Fig. C1 presents the SFR, M * and sSFR distributions derived using the various templates when fitting the AGN SEDs. Table  C1 presents the mean values for the aforementioned host galaxy properties. Using a delayed SFH template (dotted, blue line) produces lower SFR compared to the 2-τ model (solid, black line) However, the SFR distribution peaks at higher values and therefore the estimated mean SFR of the AGN sample is ∼ 0.1 dex higher when using the delayed SFH module. The SFR distribution peaks at ∼ 0.25 dex higher values when modelling the dust attenuation with either a single or a double powerlaw model, compared to the Calzetti et al. (2000) template. This translates into ∼ 0.20 dex higher mean SFR values. Using different dust emission templates does not seem to affect the SFR and M * calculations.
From the mean SFR, M * and sSFR values presented in Table  C1 we conclude that using different templates in the SED fitting analysis, results in ∼ 0.1 dex variance in the estimated values. The values for the host galaxy properties derived using the templates shown in Table 1 and used in our clustering analysis are within these fluctuations.
APPENDIX D: VIPERS GALAXY CLUSTERING: PDR2 VS. PDR1
As mentioned in Section 4 and presented in Table 2 the galaxy autocorrelation function estimated in this work appears higher compared to the measurements of Mountrichas et al. (2016) (Fig. 4) . This may be attributed to the differences in the galaxy samples used in the two studies. These are: (a) the larger area (≈ 2×) covered by PDR2 (this study) compared to PDR1 (Mountrichas et al. 2016) and the improved estimations of the SSR and TSR parameters in PDR2 galaxy sample (see Scodeggio 2016) .
To examine whether the cosmic variance affects the galaxy measurements and to which degree, we measure the galaxy autocorrelation function using galaxies from the PDR2 that are not included in the PDR1 VIPERS catalogue. The results are presented in Fig. D1 (red squares) . The corresponding galaxy bias is b= 1.32 +0.05 −0.04 compared to b= 1.22 +0.03 −0.03 using the PDR1 galaxy sample (red triangles).
To test the effect of the improved TSR and SSR parameters on our galaxy clustering measurements, we measure the galaxy autocorrelation function, using the PDR1 galaxy sample with the im- Figure A2 . Left: The galaxy stellar mass using CFHTLS optical photometry alone (red shaded area) and additionally NIR photometry (blue line). Right: The distribution of the M ,+NIR −M ,optical only . There is a < 0.25 dex difference in the M estimations when adding NIR photometry to the galaxy SED fitting analysis. proved TSR, SSR parameters (blue circles in Fig. D1 ). The corresponding bias value is b= 1.26
+0.03
−0.04 . Based on the above calculations, most of the increased clustering signal of the PDR2 galaxy dataset compared to the PDR1 can be attributed to the increased area covered by the PDR2 sample (cosmic variance) and to a lesser degree to the improved estimations of the TSR and SSR parameters. Figure D1 . Galaxy autocorrelation function using the PDR1 of the VIPERS catalogue (triangles), the updated TSR, SSR estimations (circles) and galaxies only within the PDR2 dataset (squares).Triangles and squares are offset in the horizontal direction by log = −0.05 and log = +0.05 for clarity.
